Introduction
Diffuse large B cell lymphoma (DLBCL) is one of the most common types of aggressive B cell non-Hodgkin lymphomas. However, only 40%-60% of the patients with DLBCL respond to the current standard therapy, and recurrence after the initial remission is quite common. Therefore, there is an urgent need to develop novel therapies to improve survival of patients with DLBCL.
Gene amplification has been considered as one of the mechanisms of pathogenesis 1, 2 in non-Hodgkin lymphomas. In our previous work, we have found that copy number variations (CNVs) frequently occurred in the PIK3CA subunit at the DNA level, and ensuing investigation showed that CNVs of PIK3CA were significantly important in predicting inferior prognosis in patients with DLBCL. 3 As far as PIK3CA is concerned, numerous investigations have been carried out on mechanistic aspects, mainly in the cell culture system and animal models, in the setting of malignancies, including B cell lymphomas. Nevertheless, limited data are available regarding PIK3CA in DLBCL, submit your manuscript | www.dovepress.com
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cui et al especially in terms of its clinicopathological significance and its impact on outcomes. Herein, we present our results of our characterization efforts of PIK3CA in DLBCL and its mechanistic and clinical relevance.
Materials and methods clinical tissues
The current study was approved by the Medical Ethics Committee of Fudan University Shanghai Cancer Center (Shanghai, China), and written informed consent was obtained from each patient implicated prior to undergoing biopsy. A total of 199 cases of clinical DLBCL blocks undergoing formalin-fixed and paraffin-embedded (FFPE) process and 20 cases of reactive hyperplasia (RH) lymph nodes that were chosen as normal control of DLBCL were enrolled. All cases enrolled in the study were retrieved from our biobank and the 
human lymphoma cell lines
Four kinds of DLBCL cell lines (DOHH2, OCI-Ly1, OCILy8 and SUDHL-4) and two kinds of Burkitt's lymphoma cell lines (Raji and Namalwa) were available in our laboratory.
Of note here, OCI-Ly1 and OCI-Ly8 were cultured in Iscove's Modified Dulbecco's Medium (IMDM; HyClone/ Thermo Fisher Scientific, South Logan, UT, USA) supplemented with 10% bovine serum. The remainder four cell lines were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium (Gibco, Grand Island, NY, USA) supplemented with 10% calf serum (HyClone/Thermo Fisher Scientific), unless otherwise stated.
immunohistochemistry (ihc)
Briefly, serial sections from the FFPE samples were collected onto poly-l-lysine-coated slides and processed with a standard manual streptavidin-peroxidase technique using a biotin-free detection system (Dako, CO, Carpinteria, CA, USA) after a heat-induced antigen retrieval procedure with ethylenediaminetetraacetic acid (EDTA) for phosphorylated AKT (p-AKT) and citric acid for PIK3CA for 3 min. Primary antibodies were incubated with sections overnight. Omission of the primary antibody and its replacement with an anti-rabbit antibody IgG was used as the negative control. A biotin-free detection kit (EnVisionTM; Dako) was utilized following the instructions of the manufacturer. The source and dilution of the primary antibodies involved are described in Table 1 . Immunostaining of PIK3CA was evaluated blindly and independently by two separate pathologists (Wenli Cui and Zebing Liu). The immunoscoring was from 0 to 3: 0, no recognizable staining in tumor cells (referred to as negative); 1, slight staining in tumor cells (weak positive); 2, moderate staining in tumor cells (moderate positive) and 3, distinct staining in tumor cells (strong positive). Cases were considered to be positive if $30% of the tumor cells were stained with the primary antibody. In our setting, a high expression of PIK3CA was defined as cases with immunostaining of PIK3CA being strong positive (+++), whereas a low expression of PIK3CA was defined as cases with negative (-), weak positive (+) and moderate positive staining (++) of PIK3CA. Transfection and selection of stable Oci-lY1 and Oci-lY8 cell lines
Briefly, 1.0×10 5 cells/well were plated in 24 plates. Next, 300 μL complete culture medium containing recombinant lentivirus and control lentivirus (all containing 6 μg/mL polybrene; GeneChem, Shanghai, China) was added into the plates. Two days later, the virus-containing medium was replaced with fresh complete medium. The expression of GFP was observed under a microscope after 3 days. The medium containing puromycin (6 μg/mL; Sigma-Aldrich) was added every 3 or 4 days to screen the stable infected cell lines (OCI-LY8/PIK3CA or OCI-LY8/GFP) until the uninfected cells were almost completely removed.
cell proliferation assay
Cell viability was measured after transfection using Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) according to the protocol provided by the manufacturer. A total of 10 μL of CCK-8 was added into each well of a 96-well plate, and the cells were incubated for 4 h at 37°C. Then, measurement was performed at a wavelength of 450 nm in a microplate reader (BioTek Instruments, Winooski, VT, USA). Each experiment was performed in triplicate.
apoptosis and cell-cycle analysis
After transfection with lentivirus for 72 h, OCI-LY8 cells were collected after washing twice with phosphate-buffered saline (PBS). For cell cycle, cells were fixed in 70% cold ethanol overnight, followed by incubation with 5 μg/mL 7-aminoactinomycin D (7-AAD; Sigma-Aldrich, St Louis, MO, USA) and staining with PBS buffer and 10 μg/mL RNase A in the dark for 15 min at room temperature, and then subjected to analysis by flow cytometry (BD FACSCalibur; BD Biosciences, San Jose, CA, USA). A total of 3×10 4 cells were counted for each sample. For apoptotic analysis, cells were stained using the Annexin V-FITC kit (Invitrogen™, Life Technologies Inc., Carlsbad, CA, USA); viable cells were not stained with Annexin V. The necrotic cells were Annexin V and 7-AAD double positive, whereas apoptosis cells were Annexin V positive and 7-AAD negative.
statistical analysis SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) software was used for statistical analysis. Data were expressed as mean ± standard error of mean (SEM) of three independent experiments. Two-tailed Student's t-test was used to analyze the difference between two groups of measurement data that showed normal distribution, whereas Mann-Whitney U test was used for those that showed abnormal distribution. The chi-square test and Fisher's extract test were used to statistically analyze the difference between categorical data. Survival curves were plotted using the Kaplan-Meier method and compared by the log-rank test. Spearman's correlation tests were used to evaluate the association between PIK3CA expression and clinicopathological variables. A P-value ,0.05 was considered to be statistically significant.
Results
PiK3ca expression in DlBcl tissue
To investigate the expression status of PIK3CA in DLBCL tissue obtained from patients and reactive hyperplasic lymph nodes, which served as control, IHC was carried out with a DLBCL tissue microarray (Figure 1) . Histopathologically, the positive immunostaining of PIK3CA was mainly sublocalized on both membrane and cytoplasmic compartments of cells. In terms of immunostaining intensity, PIK3CA was observed to be highly heterogeneous in DLBCL with its expression being rarely negative but overwhelmingly showed weak positive, moderate positive and strong positive results. In reactive hyperplasic lymph nodes, PIK3CA was shown to be uniformly negative in germinal center cells, whereas moderately or strongly positive in non-germinal center cells. On the whole, PIK3CA expression was shown to be extensively expressed in DLBCL tissues compared to that in reactive hyperplasic lymph nodes, despite those cases being limited. Having found that PIK3CA expression was extensively expressed in DLBCL tissues compared to that in hyperplasic lymph nodes, we next sought to analyze the clinicopathological significance of PIK3CA expression. Based on the expression status of PIK3CA, we categorized both the negative, weak positive and moderate positive cases into a group, defined as low expression, while the strong positive cases were grouped together as high expression. The correlation between expression status of PIK3CA and clinicopathological characteristics was analyzed using Pearson chi-square statistics (Table 2) . Two statistically significant differences were observed, one between the expression of PIK3CA and performance state (PS) and the other between PIK3CA expression and p-AKT expression. No statistically significant difference was observed between the expression of PIK3CA and other clinicopathological variables, including gender, age, tumor size, tumor location, histopathological subtypes, IPI, B-system, clinical stage, number of EXLNs, concentration of LDH, therapeutic effects and treatment with CHOP or R-CHOP (Table 2) .
Of the 199 cases of DLBCL we enrolled, clinicopathological information was unavailable for 98 cases; therefore, the Kaplan-Meier survival analysis was performed on 101 cases of DLBCL (Figure 2) . Patients with DLBCL expressing high levels of PIK3CA (n=23) had a decreased overall survival compared to that of patients with DLBCL expressing low levels of PIK3CA (n=88); this was not statistically significant (P=0.212).
in vitro expression of PiK3ca
Similar to DLBCL tissues, detection of PIK3CA expression was extended in vitro in six different kinds of lymphoma cell lines ( Figure 3A ). p-AKT was also detected in the meantime, and the expression for both was endogenous. The endogenous PIK3CA expression in an OCI-LY8 cell line was shown to be downregulated using lentiviral-based short hairpin RNA interference (shRNA) vector directed against PIK3CA ( Figure 3B, inset) . On the basis of successful knockdown of PIK3CA in OCI-LY8 cells, proliferation was evaluated using CCK-8 methods ( Figure 3B ). It can be seen that proliferation of OCI-LY8 cells was significantly suppressed in comparison with control cells, suggesting that knockdown of PIK3CA could suppress the proliferation of DLBCL cells. To determine how downregulation of PIK3CA could inhibit cellular proliferation, apoptosis was analyzed by flow cytometry in the shRNA-PIK3CA cell line. The flow cytometry analysis showed that knockdown of PIK3CA significantly increased the percentage of apoptosis compared to the control ( Figure 3C and D) . Analysis of the cell cycle indicated that the cell cycle was arrested at the G1 phase ( Figure 3E and F) . These results suggest that knockdown of PIK3CA was capable of promoting proliferation and preventing apoptosis.
To investigate the underlying mechanism by which PIK3CA promotes proliferation and prevent apoptosis, several important biomarkers involved in apoptosis and cell-cycle regulation were analyzed by Western blot in both of the knockdown cell lines, OCI-LY1 and OCI-LY8 (Figure 4) . Following the knockdown of PIK3CA, p-AKT and cyclin D1 were significantly downregulated, whereas p27 and PARP were markedly upregulated, indicating that knockdown of PIK3CA could upregulate p-AKT and cyclin D1 while downregulating p27.
Discussion
In our present study, we have investigated the clinicopathological significance of PIK3CA expression in DLBCL tissues, finding that there was no significant association between PIK3CA expression and overall prognosis of patients with DLBCL in our setting. However, a significant association was observed between the expression of PIK3CA and Performance State (PS) and the expression of PIK3CA and expression of p-AKT. In contrast, no significant association was observed between PIK3CA expression and other clinicopathological variables, except between PS and p-AKT expression. In vitro, knockdown of PIK3CA in DLBCL cell lines was found to be capable of promoting cell apoptosis and preventing proliferation through cell-cycle arrest at the G1 phase, suggesting that PIK3CA plays an oncogenic role in DLBCL.
DLBCL is a heterogeneous diagnostic category consisting of molecularly distinct subtypes that differ in gene expression, oncogenic aberrations and clinical outcome 4 and whose histopathological subtypes include activated B cell (ABC)-like subtypes and GCB cell-like subtypes. 5 It has been extensively reported [6] [7] [8] [9] [10] that DLBCL relies on constitutive PI3K signaling to block apoptosis in the setting of B cell lymphoma or leukemia. This suggests the important and translational significance of the whole PI3K signal pathway in the clinical therapeutic intervention of DLBCL. 11 In contrast, there are limited publications available studying 12 in the setting of DLBCL came from mutation research on both common and hot mutational spots in PIK3CA in Saudi Arabian patients with DLBCL. In contrast, a previous study from our group discovered that PIK3CA is rarely mutated in Shanghai patients diagnosed with DLBCL. 13 Other studies have also found that PIK3CA mutations were rare in malignancies of the hematopoietic system and chronic lymphocytic leukemia (CLL). 14, 15 The discrepancy of the separate studies may be attributable to the different clinical tissues involved and detection methods used.
The majority of investigations involving PIK3CA are either mutational 12, 13 or mechanistic, [16] [17] [18] but there are rare data in regard to the clinicopathological significance of PIK3CA in B cell lymphoma. 19 In addition, a study that examined the copy number of PIK3CA found that it was significantly amplified in DLBCL compared with RH, 3 which acted as a control. In our current study, we have investigated the expression of PIK3CA on the protein level, finding that PIK3CA was markedly upregulated in DLBCL, which is congruent with its amplified copy number at the DNA level 3 and is suggestive of the oncogenic role that it plays in the pathogenesis of DLBCL. Moreover, our clinicopathological analysis showed that there was no significant association between the expression of PIK3CA and poor overall prognosis in DLBCL. The association between PIK3CA expression and prognosis of patients with cancer has been controversial and inconsistent. 3 Our results showed that there was no significant correlation between PIK3CA expression and other clinicopathological parameters, including age, gender, location, B-system, tumor size, stage and grade and overall prognosis of patients diagnosed with DLBCL.
Two recent mechanistic studies from in vitro cell culture system in mantle cell lymphoma 16, 18 have reported that blockage of PIK3CA using its specific chemically synthesized inhibitors can prominently induce cell-cycle arrest followed by induction of apoptosis through complete abolishment of p-AKT and its downstream targets. The effects exerted over cell growth could be synergized in combination with dual inhibition of PIK3CD, another important catalytic subunit of PI3K. These findings support the use of dual PIK3CA/ PIK3CD inhibitors in the therapy of mantle cell lymphoma and the potential therapeutic role of PI3KCA. In our study, we discovered that a stable knockdown of PIK3CA using a lentiviral shRNA technique was able to prevent proliferation and promote apoptosis through cell-cycle arrest at 
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PiK3ca promoted proliferation in DlBcl Figure 3 Knockdown of PiK3ca was pronouncedly capable of preventing proliferation and promoting apoptosis, rendering the cell-cycle arrest at the g1 phase in Oci-lY8 cells. Notes: (A) The basal expression of PiK3ca and p-aKT was detected in six different kinds of DlBcl cell lines that were involved in the study. The molecular weights of PiK3ca, p-aKT and gaPDh were 110, 60 and 36 kDa, as indicated by the manufacturer's instruction. (B) Based on the successfully stable knockdown of PiK3ca (inserted immunoblotting of PiK3ca), proliferative variation was monitored using the ccK-8 approach. The proliferation of Oci-lY8 cells whose PiK3ca was stably knocked down was remarkably suppressed compared with Oci-lY8 transfected with control vector. (C) Cell apoptosis was assayed using flow cytometry before and after stable knockdown of PiK3ca in Oci-lY8. (D) Quantitative assay of cell late apoptosis. (E) Cell-cycle variation was evaluated using flow cytometry before and after stable knockdown of PiK3ca in Oci-lY8. (F) Quantitative assay of cell-cycle analysis. All the experiments were performed independently in triplicate, and representative figures are shown here. all the data were expressed as mean ± seM. Two-tailed independent sample t-test was used to analyze the statistical difference. P-value was considered as statistically significant when ,0.05 in comparison with the control group. Abbreviations: p-aKT, phosphorylated aKT; DlBcl, diffuse large B cell lymphoma; seM, standard error of mean; shrna, short hairpin rna interference; 7-aaD, 7-aminoactinomycin D.
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cui et al the G1 phase in two different DLBCL cell lines OCI-LY1 and OCI-LY8, which is in agreement with the observations made in mantle cell lymphoma, 16, 18 fully supporting the important roles PIK3CA played in the mediation of cell cycle and apoptosis in the setting of B cell lymphoma. Moreover, mechanistically, stable knockdown of PIK3CA can significantly reduce the expression of p-AKT, abolishing the activation of the constitutive PI3K signal pathway, which agrees with the findings reported by Iyengar et al 16 that cyclin D1 was also markedly downregulated, whereas p27 was significantly upregulated after knockdown of PIK3CA, further supporting the regulatory role of PIK3CA in the cell cycle of DLBCL cells. Cleaved PARP, a well-established apoptotic substrate, was apparently happened to give birth to cleaved PARP in comparison with control, biochemically confirming that PIK3CA prevents cell apoptosis observed by flow cytometry. Knockdown of PIK3CA was presented to have little effect on Bcl-2 expression, suggesting that there could be no direct crosstalk between PIK3CA and Bcl-2 in the present study. Our study supports in vitro that the oncogenic property of PIK3CA in DLBCL cell lines is mediated through the cell cycle and apoptosis.
Our study does have several technical limitations. First of all, both the limited clinical sample size 20 and number of cell lines used could potentially lead to an insufficient or even biased conclusion. Second, the specificity of the primary antibodies 21 used and the selection of cutoff value 22 in the scoring of IHC could also influence or even bias the final results. Third, the tissue microarray used 23 may not be able to reflect the real heterogeneous expression of PIK3CA in DLBCL in our study. Finally, a more in-depth mechanistic analysis is required to understand both the role and how PIK3CA functions in DLBCL.
Conclusion
In this study, PIK3CA was shown to be extensively expressed in DLBCL; however, there was no significant correlation with the majority of clinicopathological parameters, including poor prognosis. In vitro, PIK3CA was observed to be able to promote proliferation and prevent apoptosis in a DLBCL cell line OCI-LY8, suggesting that PIK3CA could be used as a potential therapeutic target in the curing of DLBCL. Health and Family Planning 2015ZB0204. Furthermore, we are greatly appreciative of Professor Michael Liew of the Institute for Clinical and Experimental Pathology, ARUP Laboratories, Salt Lake City, UT, USA, and Doctor Farrukh T. Awan of the Ohio State University Comprehensive Cancer Center, Columbus, OH, USA, for their careful looking over and proofreading and giving critic comments in the preparation of the manuscript. Without their help, the Figure 4 expression variation of cell cycle-and apoptosis-relevant proteins was detected before and after stable knockdown of PiK3ca in Oci-lY1 and Oci-lY8 cells. Notes: gaPDh was used as an internal loading control; all the blots were probed and re-probed with primary antibodies on the same membrane. On the basis of successful stable knockdown of PiK3ca, p-aKT, downstream target of Pi3K signal pathway, as well as p27, ParP, Bcl-2 and cyclin D1 expression variations were detected using rabbit igg mono-antibodies. The experiments were done independently in triplicate, and representative figures are presented. Abbreviations: p-aKT, phosphorylated aKT; shrna, short hairpin rna interference.
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